Purpose This study investigated the cytokine profile in bladder tissue and urine of painful bladder syndrome/ interstitial cystitis (PBS/IC) patients. Methods Multiplex analysis of 23 cytokines was performed with a multiple antigen bead assay (Luminex 100 IS) on cold cup bladder biopsy and urine specimens collected during cystoscopy with hydrodistention (HD) under general anesthesia from 10 PBS/IC patients (ICS definition). Collected tissue specimens and urine from pre-HD and post-HD (mean 27 days) were compared to banked urine and tissue specimens (n = 10) collected from control subjects without PBS/IC symptoms. Results Univariate comparison of bladder tissue levels found significant elevation of IL-16, IL-18, CTACK, ICAM-1, MCP-3, SCGFb, TRAIL, and VCAM-1 in PBS/IC relative to controls. Multivariate analysis revealed VCAM-1 and ICAM-1 were responsible for the discrimination of both tissue and urine of PBS/IC from controls. Urine levels of MCP-3 and TRAIL were significantly reduced a month after HD in concert with improvement in standardized measures of clinical symptoms (pain, urgency, and frequency (PUF) overall score [mean 25.8 ± 5.5 vs. 20.3 ± 7, p = 0.04] and symptom score [mean 18.2 ± 3.2 vs. 12.2 ± 5.9; p = 0.009]). Post-HD urine levels of MCSF(r = 0.88; p = 0.003), MCP-3 (r = 0.81; p = 0.01), SDF1a (r = 0.82; p = 0.01), and IL-18 (r = 0.64; p = 0.08) positively correlated with improved symptom scores.
Introduction
Although the etiology of PBS/IC is not fully understood, bladder inflammation associated with production of inflammatory cytokines has been proposed as a potential cause of pathogenesis of the disease [1, 2] . In previous studies, cytokines and chemokines such as interleukin-2 (IL-2), IL-6, IL-8, CXC chemokines, and tumor necrosis factor-a (TNF-a) were shown to be increased in bladder tissues and/or urine from PBS/IC patients, suggesting that these cytokines might represent specific markers of PBS/IC [1, 2] .
None of the previous studies in this area have simultaneously measured the levels of cytokines in bladder tissue as well as urine collected from PBS/IC patients to address the lingering doubts on the probable source of diseaseassociated proteins in urine [1, 2] . In the present study, we compared the cytokine levels in the tissues and urine obtained from PBS/IC patients versus controls. In addition, we also examined the relationships between temporal changes in urine levels after hydrodistension with symptom scores of PBS/IC patients in order to objectively assess treatment response.
Materials and methods

Patient enrollment
The study was conducted after prior approval from the University of Pittsburgh Institutional Review Board. Between July 2008 and July 2009, patients meeting the criteria for the ICS definition of PBS/IC were enrolled in the study after informed consent. Patients of other causative diseases such as infection, malignancy, or calculi of the urinary tract were excluded, and enrolled PBS/IC patients were scheduled for bladder biopsy and hydrodistention (HD). PUF scores were obtained from each patient pre-and post-HD using a standardized questionnaire [3] .
Tissue acquisition
Cystoscopy was performed under general anesthesia, and collected urine was immediately placed on ice. The bladder was then gradually filled with saline solution by gravity from a height of 80 cm at a speed of 50-100 ml/min. The bladder was considered to be filled maximally when the drip infusion of the solution stopped by gravity. The fluid infusion was then turned off, kept for approximately 5 min, and the solution in the bladder was gradually drained. This distention procedure was repeated for a total of 3 times. Following HD, two cold cup bladder biopsies were obtained from the non-bleeding sites at the posterior bladder wall. Biopsied specimens were flash-frozen in liquid nitrogen and kept at -80°C until further analysis.
PBS/IC patients were seen at a follow-up visit, and a post-HD urine specimen was collected. Urine specimens were centrifuged at 3,500 rpm for 5 min, and the supernatant material was flash-frozen in liquid nitrogen and kept at -80°C until use. Control bladder tissue specimens were obtained from organ donors following death from either stroke or trauma, whereas control urine specimens were obtained from patients with asymptomatic small renal masses prior to surgery or intervention.
Multiplex analysis
Frozen tissue was suspended in lysis buffer (2.66% Tris (hydroxymethyl) aminomethane HCl, 0.985% Tris (hydroxymethyl) aminomethane, 0.5 mM. phenylmethylsulfonyl fluoride, 1 M leupeptin, 1 M pepstatin A, and 0.3 M aprotinin), homogenized with a polytron-type homogenizer on ice and incubated for 30 min at 4°C. Samples were centrifuged at 10,000g for 10 min at 4°C.
We used Bio-Plex Pro Human Cytokine 23-plex Assay Kit (Bio-Rad Laboratories, Hercules, CA) according to the manufacturer's instructions on automated immunoassay analyzer (Luminex TM 100 IS System, Austin, TX) as described in our earlier study [4] . Four groups of proteins were determined in our study: (1) cytokines, including interleukin-1a (IL-1a), IL-3, IL-12, IL-18, interferon-a2 (INF-a2), leukemia inhibitory factor (LIF), macrophage colony-stimulating factor (M-CSF), macrophage migration inhibitory factor (MIF), stem cell factor (SCF), tumor necrosis factor-b (TNF-b), TNF-related apoptosis-inducing ligand (TRAIL), vascular cell adhesion protein (VCAM-1), inter-cellular adhesion molecule 1 (ICAM-1), and IL-2 receptor a (IL-2Ra); (2) CC chemokines including cutaneous T-cell-attracting chemokine (CTACK/CCL27), monocyte chemotactic protein-3 (MCP-3/CCL7); (3) CXC chemokines including stromal cell-derived factor-1 (SDF-1/CXCL12), growth-related oncogene (CXCL1), monokine induced by gamma interferon (MIG/CXCL9); and (4) growth factors such as b-nerve growth factor (b-NGF), stem cell growth factor-b (SCGFb), and hepatocyte growth factor (HGF).
The cytokine/chemokine/growth factor concentrations were normalized to protein concentration for tissue lysates and creatinine concentration for urine. The creatinine in urine was measured using the previously published highperformance liquid chromatography method [5] .
Statistical analysis
Univariate and multivariate statistics were used to analyze continuous variables between various groups. Paired comparison of pre-and post-HD PBS/IC patients and their unpaired comparison with asymptomatic controls were done using non-parametric Mann-Whitney U test. Correlations between cytokine levels and symptom scores were assessed by both Pearson's r (parametric) and Spearman's r (non-parametric) correlation test. A multivariate statistical tool, principal component analysis (PCA), was used to visually assess discrimination between patients and controls using the cytokines identified by univariate data analysis. Univariate urine cytokine data are expressed as median 25 and 75 percentile levels, and differences were considered significant at p value less than 0.05.
Results
Urine and tissue cytokine levels of PBS/IC patients versus controls
We identified 10 PBS/IC patients (9 women and 1 man) that met the inclusion and exclusion criteria, all of whom consented for participation in this study. The mean age was not significantly different in PBS/IC patients (mean age: 47.5 years) versus control tissue donors (mean age: 52 years), but the difference in age was significant in PBS/ IC versus control urine cohorts (mean age: 64 years). Because 90% of PBS/IC patients were female, the control cohorts were intentionally matched for this demographic.
Univariate data analysis
All 23 cytokines, chemokine, and growth factors were detectable in both PBS/IC and control tissues (Table 1 ). Significant elevation in the expression of IL-16, IL-18, SCGFb, CTACK, TRAIL, ICAM-1, MCP-3, and VCAM-1 were detected in the PBS/IC bladder tissue compared to control bladder tissue collected from organ donors. No significant difference was noticed in the comparison of PBS/IC patients with asymptomatic control patients for the urine levels of any proteins ( Table 2) .
Multivariate data analysis
PCA was applied separately to cytokine dataset from tissue and urine of PBS/IC and controls, which confirmed the elevated tissue levels of IL-16, VCAM-1, and ICAM-1 cytokines in PBS/IC patients as discriminatory versus controls (Fig. 2b) as previously identified in Table 1 . PCA of urine data from Table 2 led to the identification of two components that together explained 80% of the total variance with 57% by PC1 and 23% by PC2.
Effect of HD on urine cytokine levels of PBS/IC patients During cystoscopic observation, no ulcerative lesions were seen in any of 10 PBS/IC patients, and after HD, glomerulations with petechial hemorrhage from the mucosal surface were observed in all patients. Urine specimens from 8 patients were available at both pre-HD and post-HD stage. Urine specimens were collected at a mean of 27 days post-HD (range: 15-64 days). Post-HD urine levels of MCP-3, IL-3, and TRAIL were significantly decreased compared to pre-HD levels ( Table 2 ). In addition, pre-HD data of 4 PBS/IC patients (P1, P6, P7, and P10) mapped separately from post-HD data in agreement with paired comparison in Table 2 . Consistent with the PCA analysis of tissue cytokine data (Fig. 2b) , the main contributors to the discrimination of urine cytokine data were also identified to be VCAM-1 and ICAM-1 (data not shown).
Significant improvement was seen at post-HD with regard to reduction in symptom scores with reduced overall (25.8 ± 5.5 vs. 20.3 ± 7, p = 0.04) and symptoms scores (18.2 ± 3.2 vs. 12.2 ± 5.9; p = 0.009) compared to pre-HD stage. Post-HD symptom scores in PBS/IC patients showed linear correlation with lower urine levels of MCSF (r = 0.88; p = 0.003), MCP-3 (r = 0.81; p = 0.01), SDF1a (r = 0.82; p = 0.01), and IL-18 (r = 0.64; p = 0.08) (Fig. 1b) . Correlation with rest of the 19 cytokines at post-HD stage was either absent or not significant. In contrast, none of the 23 cytokines showed any correlation with symptom scores measured at pre-HD stage (Fig. 1a) .
Discussion
In this study, we analyzed the urine and tissue proteome of PBS/IC relative to asymptomatic controls by univariate and multivariate analysis. The variation from the heterogenous nature of PBS/IC precluded complete spatial separation of PBS/IC tissue data from controls (Fig. 2a) . PCA analysis identified 3 cytokines as chief contributors to the discrimination of PBS/IC tissue from controls (i.e., IL-16, ICAM-1, and VCAM-1) (Fig. 2b) , which were also elevated on unpaired comparison with controls ( Table 1 ).
The identification of VCAM-1 and ICAM-1 as the primary contributor of variance in urine data demonstrated that variance in tissue and urine data originates from same source. The subjective improvement of hydrodistended PBS/IC patient was associated with objective changes in urinary proteome. Post-HD symptom scores showed linear correlation with urine levels of MCSF, MCP-3, SDF1a, and IL-18, which justify further investigation of their role in PBS/ IC. Symptom scores being skewed to a higher side at pre-HD stage masked any correlation with cytokine levels. Apparently, the low symptom score post-HD indicates that HD does effect the perception of pain and distress in the cohort of treated patients.
Paired comparison of pre-and post-HD urine revealed a significant decrease in levels of MCP-3, IL-3, and TRAIL after HD (Table 2 ) [3] . The important role of MCP-3 in inflammatory process of PBS/IC is highlighted considering its elevated tissue levels in PBS/IC patients (Table 1) , significant decrease in post-HD urine (Table 2) , and positive association of post-HD urine levels with symptom scores measured at a mean of 27 days (Fig. 1) . A previous preclinical study from our group described the role of another MCP family member MCP-1 in the progression of cyclophosphamide-induced cystitis [6] . Chemokines from MCP family are known to provoke mast cell activation and has chemotactic activity for monocytes that differentiate into macrophages at site of inflammation [7, 8] which can secrete other chemokines that act as a chemoattractant for neutrophils [9] . TNF-related apoptosisinducing ligand (TRAIL) is a death ligand known to be expressed on neutrophils and mast cells [10] .
Neutrophils infiltrating into bladder (both by releasing their preformed soluble TRAIL and their membraneassociated TRAIL) in PBS/IC [11] can participate in TRAIL-associated apoptosis by binding to the death receptors DR4 (TRAIL-RI) and DR5 (TRAIL-RII), which have previously been shown to be localized in bladder biopsy samples of PBS/IC [12] . Significantly higher intensity score of DR4 in bladder tissue of PBS/IC [12] is in agreement with elevated MCP-3 reported here ( Fig. 1 ; Tables 1 and 2 ) and with the attraction of monocytes by DR4 via the RhoGTPase signaling pathway [13] .
Control of neutrophil death is central to the resolution of inflammation [14] and therefore the post-HD reduction in TRAIL is consistent with post-HD symptom improvement and probable resolution of inflammation (Table 2) . These finding justify TRAIL as an attractive biomarker candidate for PBS/IC and, interestingly TRAIL is not associated with urinary tract infection [15] .
Prior studies have also noted that cystoscopy with HD has a therapeutic effect on PBS/IC symptoms although the effect is usually short-lived [16] . Chai et al. showed a reduction in antiproliferative factor and an increase in heparin binding epithelial growth factor after HD [17] , and Liu et al. reported post-HD reduced NGF associated with lower pain [18] . However, in this study, the elevation of bladder tissue or urine NGF levels were not detected in PBS/IC patients compared with controls, possibly due to the small number of patients.
We acknowledge the limitations of this study are the small sample size, which is a direct result of the rarity of biopsy in PBS/IC patients during the accrual period for this study. Error of high dimensionality in PCA analysis cannot be excluded here, which is introduced by the number of subjects in this study being lower than the number of variables (cytokines) investigated. Future studies, specifically looking at MCP-3 and TRAIL in urine specimens of PBS/IC patients pre-and post-HD, need to be performed to validate these findings with larger sample sizes.
Conclusions
These results indicate significant elevation of cytokines in PBS/IC bladder tissue relative to controls. Significant reduction in post-HD urine levels of MCP-3 and TRAIL relative to pre-HD in PBS/IC was associated with clinical improvement (as measured by PBS/IC symptom scores) to qualify them as biomarker candidates. Further larger-scale studies are warranted to map the cytokine profile in PBS/IC and confirm these findings.
